1. Introduction
===============

Nutrition plays a significant role in wide-spread diseases including those caused by deficiency of macronutrients and micronutrients. The 2011 Association of American Medical Colleges (AAMC) report emphasizes that diet and inadequate exercise are among the main causative factors that lead to more than half of premature morbidity and mortality. Thus, tomorrow's physicians will be required to have advanced knowledge, skills, and attitudes in several nutrition-based domains \[[@B1-healthcare-03-00519]\]. Results of a 2010 national survey showed that less than one third of medical schools in the United States meet the minimum 25 required hours set by the National Academy of Sciences \[[@B2-healthcare-03-00519]\]. Other studies also reported that most health care professionals do not receive adequate nutrition training and do not possess the expertise to provide adequate nutrition counseling to their patients \[[@B3-healthcare-03-00519],[@B4-healthcare-03-00519]\]. These observations accentuated the need for improving the nutrition training of health professionals which will help them in providing optimal patient care \[[@B5-healthcare-03-00519]\]. This has prompted the current increased awareness about nutrition education for health profession students in both preclinical as well as clinical years.

The Cooper School of Rowan University is a new medical school that utilizes lectures, laboratories, and active learning (problem-based-solving) exercises through the preclinical years. Instead of having a dedicated nutrition course, nutrition is integrated in various courses such as Fundamentals, Lifestages and Hematology-Oncology (first year courses), Gastroenterology and Women's health (second year courses). This allows the students to understand nutrition as an underlying principle in context of various body systems and corresponding disorders. The Gastroenterology (GI) course includes the overview of vitamins and minerals. Here we describe the reception and efficacy of an interactive activity on nutritional pathology that was introduced in this course. Inclusion of nutrition-based interactive sessions in the curriculum gives the students an opportunity to learn to critically think about nutrition \[[@B6-healthcare-03-00519]\]. Active learning approaches are proving to be very effective for improving knowledge retention, communication skills, and self-directed learning and lead to deeper understanding of the material \[[@B7-healthcare-03-00519],[@B8-healthcare-03-00519],[@B9-healthcare-03-00519],[@B10-healthcare-03-00519]\]. A comprehensive compilation of a variety of active learning methods that can be used by medical educators was published recently \[[@B11-healthcare-03-00519]\]. We created an interactive activity that included combination of elements from different active learning methods to suit our goals. This activity built upon the aspect of digestion and absorption of nutrients that was taught in the GI course. The goals of this activity were to (i) incorporate new active learning methods in the curriculum, which focus on teamwork as well as individual accountability, (ii) improve student appreciation of clinical relevancy of nutrition, (iii) encourage thinking about nutrition using unusual, real life cases. Our overall objective for this study was to instigate an interest in nutrition among the medical students.

2. Experimental Section
=======================

2.1. Cases Selected for the Activity
------------------------------------

The cases were based on (i) Kwashiorkor, (ii) vitamin B-12 deficiency, (iii) zinc deficiency and (iv) zinc-induced copper deficiency. All the cases presented were based on real-life scenarios. In each case the underlying nutrient deficiency was not immediately apparent and had required the respective attending physicians to carry out in-depth analysis of the data and "out-of-the-box" thinking to come up with the correct diagnosis. During the session, the students were given information about clinical presentation, patient history, laboratory data, underlying cause, physiology and treatment options for each case. Important concepts and terminologies were highlighted in bold or were underlined. Conclusions were provided at the end. Highlights of each case are presented in [Table 1](#healthcare-03-00519-t001){ref-type="table"}.

healthcare-03-00519-t001_Table 1

###### 

Highlights of the nutritional pathology cases used in the session.

  Deficiency                                                                                                            Case Highlights                                                                                                                                                                                                               Conclusions
  --------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Kwashiorkor: due to insufficient protein intake or absence of one or more of the essential amino acids in the diet.   Rapid development of Kwashiorkor in a baby who was weaned of breast feeding and put on a simple diet. The symptoms ranged from skin pallor to edema and susceptibility to infections.                                         Diet analysis showed that the baby's diet had deficiency (84%) of a single essential amino acid. Young children are very susceptible to deficiency of a single essential amino acid even though it may not be a statistically dramatic deficiency \[[@B12-healthcare-03-00519]\].
  Vitamin B-12 deficiency                                                                                               Patient reported feeling dizzy when he gets up and had uncontrolled shakes and twitches in his legs. He has been in and out of hospital for treatment for a mild stroke.                                                      It is not usual to ask your patient to walk, but in this case that helped the diagnosis. When asked to walk, the patient wobbled and walked with a slapping gait, suggesting a problem with the nerves. Vitamin B-12 deficiency may result in anemia and neurological symptoms. Even though vitamin B-12 is required in minute amounts, problems in its absorption can lead to dire consequences \[[@B13-healthcare-03-00519]\].
  Zinc deficiency                                                                                                       Patient reported with diarrhea; developed skin lesions all over body.                                                                                                                                                         Case illustrated how zinc deficiency can develop due to a variety of reasons such as a genetic deficiency, lack of zinc in the TPN given to the hospitalized patients, recurrent diarrhea for a prolonged time, bariatric surgery, or chemotherapy patients whose nutrient intake is not optimal \[[@B14-healthcare-03-00519]--[@B16-healthcare-03-00519]\].
  Zinc-induced copper deficiency                                                                                        A patient with previous partial gastrectomy has fatigue, numbness of hands and abnormal sensation in hands and feet (anemia and myelopathy). Patient takes supplements which are below their upper limit (UL) for toxicity.   Megadoses of zinc may interfere with copper absorption leading to copper deficiency, as these two share a common protein for their absorption. Overall digestion and absorption is affected in this patient due to the removal of part her stomach. The changed absorption modified the UL of zinc for her and proved to be toxic \[[@B17-healthcare-03-00519]\].

2.2. Before the Session
-----------------------

A brief description of the main goals and format of the one hour session was given in the introduction lecture of the course and detail instructions were posted on the course website. The stems containing clinical presentation of the four cases were posted on the course. The students were required to read these stems before they came to the session as preparation for the session. The students were not required to carry out research about the cases, but were asked to think about what the underlying problem could be based on the nutrition concepts they had learned in various courses.

2.3. During the Session
-----------------------

The activity was carried out in a single lecture hall with two faculty facilitators who are the course directors of the GI course. This obviated the need for participation of a number of faculty facilitators who are either experts on nutrition or need to be trained for the session. Students were randomly assigned into groups of four. Groups were physically separated from each other in the lecture hall to allow discussions without noise disturbance from neighboring groups.

First, the students took a pre-quiz as a group. Each student within a group was assigned to learn about one of the four nutrition-based cases. Each case was assigned a color: blue (Kwashiorkor), green (vitamin B-12 deficiency), yellow (zinc deficiency), purple (zinc-induced copper deficiency). Although it is not essential to assign colors to the cases, it facilitated easy and rapid distribution of four cases, which was particularly helpful given the time constraints of the session. After the pre-quiz, each student received a one and half pages long colored sheet with the case assigned to him/her. Each of the sheets contained the stem of the case along with above-mentioned information. Students were given about 15--20 min to read the individual cases. Then the team had 20--25 min to go through all of the material together, in which each student discussed his/her case with the other three students. The students were encouraged to ask thought-provoking questions to their teammates to facilitate discussion. Students were allowed to research resources during the session (except during quizzes) and also ask faculty for help. The two faculty facilitators were going around the lecture hall throughout the session to provide help as needed and also ask questions to assess the effectiveness of peer-teaching. At the end, the students took a post-quiz as a group.

2.4. Pre and Post-Quizzes
-------------------------

Both the quizzes consisted of eight multiple choice questions and were comparable. The students were given 8 min for each of the quizzes. The quizzes contained both fact-based and comprehension-based questions. The questions were consistent with the NBME style exam questions and most were case-based. Examples of two such questions are shown in [Box 1](#healthcare-03-00519-box001){ref-type="boxed-text"}. The answers to the quiz questions were posted in the course website after the quizzes were graded. The activity counted towards 3% of their course grade.

2.5. Activity Evaluation Surveys
--------------------------------

Students evaluated this activity after its completion. Out of the 62 students who participated in the activity, 55 students chose to complete the surveys. The primary purpose of collecting student comments was to evaluate the activity and make changes to improve for the future implementation. As this was a new activity introduced in this course, it was especially imperative to evaluate it with respect to its learning objectives. The survey contained two Likert scale questions: (i) if the nutrition pathology session demonstrated the clinical relevance of nutrition and (ii) and if students found the peer-to-peer teaching method to be engaging. The third question asked for comments on the usefulness of the activity and if the students found the cases to be intriguing. The protocol for administering the anonymous paper surveys was as per the guidelines set by Rowan Institutional Review Board. The authors received approval from the Human Subjects Protection Program Institutional Review Boards (IRB) at the Rowan University on 2 December 2014 (project ID: Pro2014000201). Students at our medical school are routinely required to complete evaluation surveys for various components of all the courses, which are then provided to respective faculty. The students were informed that the evaluation of this activity was voluntary and anonymous and did not affect their grades in any way. No personal identification markers were used in the survey.

###### Examples of quiz questions

Comprehension-based question:

A 75-year old man presents with a several week history of fatigue. He shows a severe pallor. Neurological examination revealed short-term memory loss and a decreased sense of vibration in the legs. Blood test results showed his hemoglobin to be 3.8 g/dL (normal: 14--18 g/dL), mean corpuscular volume to be 105 μM
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(normal: 82--92 μM
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). His serum vitamin B-12 was 9 pg/mL (normal: \>200 pg/mL). Which one of the following is the most likely cause of vitamin B-12 deficiency in this patient?

A.  Bacterial destruction of vitamin B-12

B.  Increased production of acid

C.  Decreased production of pancreatic proteases

D.  Defect in the absorption of fat

Fact-based question:

Acrodermatitis Enteropathica develops due to

A.  lack of sufficient amount of zinc in the diet.

B.  lack of sufficient amount of copper in the diet.

C.  defect in a protein involved in the absorption of copper.

D.  defect in a zinc transporter.

3. Results
==========

The interactive session required the students to work in groups and be responsible members of their groups. All students participated actively in the session. A number of students commented that they were not able to identify the underlying problem in the cases posted before the session. They thus appreciated how "out-of-the-box" thinking was important for diagnosis of these cases. The efficacy of the session as measured by the differences between pre and post-quiz scores demonstrated that the session was highly effective ([Figure 1](#healthcare-03-00519-f001){ref-type="fig"}A). Both quizzes included eight multiple choice questions, two on each of the four cases. Each quiz contained six case-based and two fact-based questions. The case-based questions required higher level reasoning. In the pre-quiz, 14 out of 16 teams answered half or more than half of the questions incorrectly. Thus, 39% questions were answered correctly in total in the pre-quiz. No bias was observed with respect to fact-based *versus* case-based questions in the correctly answered questions. On the other hand, 11 out of 16 teams answered all of the eight questions correctly in the post quiz, while the remaining five teams answered only one question incorrectly. Thus, 96% questions were answered correctly in total in the post-quiz. Out of the total of five incorrectly answered questions among all the groups, two questions were fact-based (zinc deficiency) and three questions were case-based (vitamin B12 deficiency and Kwashiorkor). The students did very well (more than 80% students answering questions correctly) on the questions based on the session materials in the final course exam.

![(**A**) Measurement of the efficacy of the session based on correctly answered questions in pre and post quizzes. Note that the combination of group numbers and corresponding numbers of correctly answered questions is different from the actual combination. This has been done to further protect the anonymity of the subjects (for example, the data presented for group 1 in the figure may be from any group numbered 1--16 in the actual session). Quantitative representation of the (**B**) demonstration of the clinical relevance of nutrition and (**C**) engaging nature of working with peers as measured by the students' evaluation of the activity. The students were asked to complete a survey which contained two Likert scale questions (five choices are shown) regarding these two points.](healthcare-03-00519-g001){#healthcare-03-00519-f001}

The students' evaluations of the session were overwhelmingly positive. Quantitative representation of the responses received to the two Likert scale questions in the survey is given in [Figure 1](#healthcare-03-00519-f001){ref-type="fig"}B,C. To the question, "if the session demonstrated clinical relevance of nutrition", 43 out of 55 students (78.18%) chose "strongly agree", while nine students (16.36%) chose "agree". One student each chose "neutral", "disagree" and "strongly disagree" to this question. To the question if "working with peers was engaging", 44 out of 55 students (80%) chose "strongly agree", while 10 students (18.18%) chose "agree". Only one student chose "strongly disagree". All of the 50 comments received for the open ended question, "please comment on the usefulness of the Nutrition pathology session. Did you find the cases intriguing?" were positive. The main aspects liked by the students were (i) engaging and intriguing nature of the cases (ii) real life cases, (iii) teaching to and learning from their peers; (iv) no extensive pre-session work and efficient covering of four cases, (v) logical thinking and interactive way of learning and (vi) the session tied together everything they had learned. Examples of some representative comments include, "This was wonderful. Speaking with peers helped learn the material better than if we had just read it on our own.", "Yes, these cases were fascinating and engaging. I learned a great deal from them.", "Helpful-really nice learning from my peers and having time to talk through the cases, ask questions.", "Yes, used logical thinking and even learned new material.", and "Very useful way to efficiently cover four cases". One student suggested that a five minute debrief would be helpful and another suggested that more time be given for the session instead of one hour. A third student found the session useful and cases intriguing, but did not feel that much ground was covered. We will consider these suggestions for the next year's session.

4. Discussion
=============

CMSRU is a new medical school, thus one of the goals for creating this activity was to introduce new interactive approaches in our curriculum which focus on team work as well as require individual accountability. We wished to create an activity that builds on the nutrition, biochemistry and physiology content taught in the Gastroenterology course and makes the students intrigued about nutrition by discussing real life nutrition pathology cases. The success of this activity was heavily dependent on peer-teaching. Interest in peer-teaching (or peer-assisted learning/PAL) is growing in the field of medical and allied health education. Existing evidence suggests that peer teaching benefits the students academically and professionally. The success of PAL lies in the fact that participating students share cognitive congruence as well as social congruence. Inclusion of peer-teaching in undergraduate medical education helps the students to bridge the gap between being a university student and being a clinician \[[@B18-healthcare-03-00519],[@B19-healthcare-03-00519],[@B20-healthcare-03-00519]\]. Developing teaching skills and using these skills for application and translation of medical knowledge is important for the progress of all medical trainees \[[@B21-healthcare-03-00519]\]. The results indicate the effectiveness of this interactive activity in student acquisition of knowledge as well as enhancement of comprehension, which was likely facilitated by interaction with peers. As mentioned above, 98% of students liked the peer teaching aspect of the session.

Several points contributed to the success of this activity. The cases chosen were real-life cases, which made the exercise very relevant to the medical students. A vast majority of students thus agreed that the activity demonstrated clinical relevance of nutrition. As the underlying nutrient deficiencies were not immediately obvious, the cases captured the students' interest and also demonstrated to them that nutrition can be very complex. The short length of the session contributed towards making it highly efficient with respect to time. Length of the material (\~one and half pages per case) was kept the same for each case and was appropriate for the duration of the session. Cases were also similar with respect to complexity. As the cases were built upon biochemistry, nutrition and physiology taught in the course, the exercise provided an opportunity for integration of various topics learned in the course. As important points were highlighted throughout the materials and questions were provided for discussion, students did not require additional guidance during the session. The quiz questions assessed student skills in both recalling facts as well as higher-level thinking. The activity was facilitated by only two faculty members in a large lecture hall; this obviated the need for training additional faculty in nutrition and acquiring multiple small rooms.

We would like to use this format to include examples of other nutrient deficiencies. However, we will have to create another session for this purpose. One limitation of this activity is the number of cases that can be included, which is determined by the size of the groups. Groups of four or at the most five students work better; thus, four--five cases can be discussed. Assigning more than one deficiency per student may not work well as it will require the students to learn a large volume of material and teach it to their peers. This activity was one hour long; we felt that an hour and half long session may work better for this amount of material.

As mentioned above \[[@B11-healthcare-03-00519]\], there are a variety of active learning methods being used for medical education. Team-based (TBL) and problem-based learning (PBL) are most commonly used cooperative learning methods in the preclinical years. Team-based learning involves small-group discussion facilitated by an instructor, wherein teams solve clinical problems and receive immediate feedback on performance. The first phase of TBL involves pre-class preparation by the learners. In PBL, the group works through a case stem presented to them with additional information released in a time wise manner. Educators choose the most appropriate method to achieve the desired learning outcome while considering their available resources. We designed this session based on the above stated goals, availability of time, trained faculty facilitators and resources. This activity does not need extensive preparation as opposed to that required for TBL and PBL \[[@B11-healthcare-03-00519]\] and also has a more stringent dependence on individual student participation. Although this activity was primarily developed for pre-clinical medical students, it may also be useful for other health professional or undergraduate students studying nutrition.

5. Conclusions
==============

This session was built upon the aspect of digestion and absorption of nutrients that was taught in the GI course and also revisited certain nutrition aspects taught in various courses. It thus helped to achieve integration across the curriculum. It also improved the quality and effectiveness of the GI course for the students in that it provided an opportunity to them to think about nutrition from a clinical point of view and discuss it with their classmates. This form of active learning likely enhances the retention of this material. We think that we were successful in instigating an interest in nutrition among the students and hope that this will be useful to them in their clinical practice in future.
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